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R638and therefore stomatal behaviour.
A detailed study of the effect of elf3
mutations and FT misexpression on
ABA sensitivity might be warranted.
However, regulation of H+-ATPase
activity is likely to be most important in
the control of stomatal opening rather
than closure, because during stomatal
closure the activity of SLAC1, rather
than the H+-ATPase, will dominate the
membrane potential. This might
explain why elf3-201 mutants closed in
response to high ABA [3]. The
involvement of FT in blue light
regulation of the H+-ATPase could also
suggest a photoperiodic-sensitive
seasonal regulation of the H+-ATPase,
consistent with reports that there is
a reduction in guard cell H+ pumping
activity in winter [20]. If circadian
modulation of blue light regulation of
H+-ATPase activity, and hence
membrane potential, occurs also in
other cells, it could explain why the
magnitude of cold-induced increases
in [Ca2+]cyt are gated by the circadian
oscillator, because much of the cold-
induced increase in [Ca2+]cyt is thought
to be due to influx across the plasma
membrane and thereby sensitive to
the plasma membrane potential [17].
The study of Kinoshita et al. [3]
provides a testable hypothesis
for the circadian gating of light
signalling. Understanding the
potentially antagonistic effects
of the CO-regulated ELF3 and FT
on H+-ATPase activity will require
identification of the downstream
targets that interact physically with
the H+-ATPase. The cell-autonomousbehaviour of symplastically isolated
guard cells also point to the need for
understanding circadian behaviour in
single cell types to fully appreciate the
impact intracellular circadian clocks
have on the daily lives of plants.References
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Treslin–TopBP1 Interaction Mirrors
Yeast Sld3–Dpb11There are many parallels between DNA replication in yeast and humans.
Now, two recent studies extend this relationship by dissecting key conserved
interactions necessary for initiation of the replisome.Adam C. Mueller*, Mignon A. Keaton,
and Anindya Dutta
Initiation of DNA replication involves
an intricate cascade of cell cycle
dependent steps of protein recruitment
and activation. The process begins inearly G1 phase when the ORC proteins
localize to potential origins of
replication. ORC then recruits Cdc6
and Cdt1, which facilitate the loading
of the MCM2-7 replicative helicase
complex to form a pre-replicative
complex at a licensed origin. In orderfor replication to occur only once,
loading of these factors onto chromatin
must be temporally separate: ORC,
Cdc6, Cdt1 and the MCM complex
can only be loaded onto DNA in the
absence of Cyclin dependent kinase
(CDK) activity during G1 [1]. Activation
of the MCM complex and formation
of the active helicase requires the
recruitment of the replication proteins
Cdc45 and GINS complex to origins,
which occurs when CDK activity rises
to high levels at the transition to
S phase [2]. While much is known
about how the elevated CDK activity
deters the licensing of origins that have
already fired to prevent re-replication,
until recently the mechanism by
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Figure 1. Replicative helicase activation in yeast and humans.
Left: In yeast, CDK phosphorylates Sld2 and Sld3, leading to their interaction with the BRCT
repeats of Dpb11 and recruitment of Cdc45, Pol 3and GINS to origin sites to activate the
MCM helicase. Right: In humans, CDK phosphorylates Treslin, which then binds TopBP1,
leading to recruitment of Cdc45 and activation of the MCM helicase. The Sld2 homologue,
RecQ4, does not appear to be regulated by CDK phosphorylation at this time, and its role
in recruiting Pol 3and GINS remains unclear (indicated by question marks).
Dispatch
R639which CDK activates the MCM
complex was not very clear. In yeast,
it has been shown that CDK-mediated
phosphorylation of Sld2 promotes its
binding to the replication protein
Dpb11 [3,4] (Figure 1). Sld2 in turn
brings GINS to the origin through Pol 3
as part of the pre-loading complex
(pre-LC) [5]. In addition, CDK-mediated
phosphorylation of Sld3, which
associates with Cdc45, leads to the
association of Sld3 with Dpb11 and
thus brings Cdc45 to the complex of
proteins at the origin [6]. CDK
initiates these important interactions of
Sld2 and Sld3 with Dpb11 by
phosphorylating Sld2 and Sld3 [3,4].
In both cases the phosphorylated
proteins can then bind to the BRCT
repeat domains of Dbp11. The
interactions between phospho-Sld2,
Dbp11, and phospho-Sld3 are critical
for replication initiation, most likely
because this is how Cdc45 and
GINS are brought to the MCM 2-7
complex to form the active helicase,
composed of Cdc45, MCM2-7 and
GINS (CMG) [2].
Unlike many replication factors, such
as the ORC subunits, Cdt1, Cdc6 and
MCMs, the presumptive equivalents
of Dpb11, Sld2 and Sld3 in higher
eukaryotes have very little sequence
similarity with their yeast counterparts.
TopBP1 has been identified as the
humanhomologueofDpb11, containing
eight BRCT repeats, and is required for
the initiation of DNA replication [7]. The
homologs of Sld2 and Sld3 are less well
established, as there are no proteins
with obvious sequence similarity and
some of their functions may have been
assumed by other proteins. For
example, the BRCT repeats of TopBP1
candirectly bindCdc45 itself [8]. RecQ4
appears to be a good candidate for the
human Sld2 homolog, possessing
similarity in its amino-terminal region,
which is required for initiation of
replication. Oddly, unlikeSld2, RecQ4 is
not required for GINS recruitment, and
thus affects helicase initiation at
some other step [9,10]. While multiple
TopBP1-interacting proteins have been
identified, Treslin, also known as Ticrr,
has been considered the most likely
metazoan homologue of Sld3 as it
interacts with TopBP1, has distant
sequence homology with yeast Sld3
[11], and is required for the recruitment
of Cdc45 and for DNA replication in
human cells [12].
Two groups have now characterized
Treslin’s interaction with TopBP1 anddemonstrate that the CDK-dependent
regulation of the Treslin–TopBP1
interaction recapitulates that of
Sld3–Dbp11 frombuddingyeast [13,14].
Both groups identify a central region of
Treslin located between amino acids
790–1056 as strongly interacting with
the twoamino-terminalBRCT repeatsof
TopBP1 homologous to those in Dpb11
that bind Sld3. Curiously, Kumagai et al.
[13] also showed a weak interaction
between TopBP1 and the amino
terminus of Treslin, indicating theremay
be other domains in Treslin that also
contribute to this recruitment. Digging
further into the regulation of the
interaction of Treslin with TopBP1, both
publications demonstrate that
phosphorylation by CDK of two
conserved residues on Treslin, T969
and S100, is required for the interaction
with TopBP1. CDK phosphorylation at
these sites is functionally important as
a T969A/S1001A mutant of Treslin is
unable to rescue the inhibition of DNA
replication when endogenous Treslin is
depleted by siRNA. Boos et al. [14], as
reported in a recent issue of Current
Biology, go on to demonstrate that the
Treslin–TopBP1 interaction is inhibited
by Chk1 activation following
interruption of S phase by hydroxyurea,much like Rad53 kinase regulates
Sld3 in budding yeast [15,16].
Thus, while the Sld2 and Sld3 proteins
otherwise appear to have evolved
rapidly, conservation of the residues
and domains that contribute to the
interaction of the putative homologues
of Dpb11 and Sld3 in higher eukaryotes
demonstrates the essential nature of
this step inactivationofDNAreplication.
In addition, inhibition of Treslin
function may be an important step
by which the intra-S-phase checkpoint
inhibits origin firing.
While the Sld3–Dbp11 interaction is
conserved between yeast and humans,
the significance of the large differences
between Treslin (which contains 1910
amino acids) and Sld3 (which contains
688 amino acids) still remains to be
discovered. Amongst the 70 predicted
CDK sites in Treslin, only 2 contribute
to its interaction with TopBP1 and
are required for its role in activating
DNA replication. While CDK
phosphorylation at additional sites
still occurs in the S1001A/T969A
mutant, it is unknown whether such
sites have any regulatory potential.
Additionally, there are other players
involved in MCM activation in
humans whose roles are not yet clear.
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interact with TopBP1 and their roles in
Cdc45/GINS loading have yet to be
dissected [17,18]. Thus, it is likely that
Treslin works with additional
components to fulfill the function of
yeast Sld3.
These two papers present
convincing evidence in support of the
assertion that Treslin is the functional
ortholog of Sld3. Treslin interacts with
TopBP1 in a manner analogous to
Sld3’s interactionwith Dbp11. In further
support of its role as the Sld3 ortholog,
Kumagai et al. [13] demonstrated that
Treslin interacts with Cdc45 when
overexpressed in human cells, as well
as in nuclear lysates incubated with
Xenopus laevis egg extracts. Many
questions still remain, however,
regarding the similarities and
differences between helicase
activation in yeast and humans. Still,
a perfect match for Sld2 in humans has
not yet been determined, leaving the
issue of how Pol 3and GINS are
recruited to origins unclear, and further
study of how RecQ4, GEMC1, and
DUE-B are required for initiation is
needed. Most significantly, the
mechanism of how the recruitment of
Cdc45 and GINS leads to helicase
activity remains unknown and
represents the next large step in
understanding replication initiation in
yeast and humans.References
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